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Pentafluorosulphanyl phenyl and Pentaf luorosulphanylpyHdll substituted 
heteroaromatlc compounds with 1nsect1c1dal or acarlddal activity 

This invention relates to heteroaromatic compounds, and more 
particularly to phenyl -substituted heteroaromatic compounds to processes 
for their preparation and to their use as insecticides 

According to the present invention there is provided a compound of 

formula (IA) or (IB) wherein R a represents hydrogen or from 1 to 4 optional 

a 

substituents and R b represents from 1 to 3 optional substituents and 

wherein A represents an optionally substituted N-l inked nitrogen-containing 

five or six membered aromatic heterocyclic ring, provided that when the 

compound is of formula (IA) and A represents a group of formula (IC) 

wherein R is hydrogen, halogen, or a group NR R wherein R and R 

2 1 

are independently selected from hydrogen or alkyl; R is a group 
-S(0) n R wherein n is 0, 1 or 2 and R is a haloalkyl group; and R is 
-CN or is a group Cx'-NY^Y 2 ' wherein x' is 0 or S or S=0; and Y 1 ' and Y 2 ' 
are independently selected from hydrogen, nitro, amino or alkyl optionally 
substituted by halogen, by cycloalkyl, by formyl , by Z^-j alkanoyl, by 
cycloalkylcarbonyl , by C 2 _ 7 alkoxycarbonyl , by C 2 _ 7 haloalkoxycarbonyl , by 
an aryl group or by an aromatic heterocyclic group or 

Y and Y together with the nitrogen to which they are attached form 
an aliphatic heterocyclic group containing from 4 to 8 atoms in the ring 

and optionally substituted by halogen or alkyl or 

1 1 2 1 3 3 

Y and Y together form the group =CHY wherein Y is alkyl, Cg^g 

alkenyl, aryl, an aromatic heterocycle, or amino optionally substituted by 
alkyl or 

Y is hydrogen and Y is alkoxycarbonyl, alkyl carbonyl , optionally 
substituted aralkyl or a group -S(0) n R^ where R^ and n are as 

hereinbefore defined, then R a does not represent 2,6-dihalo. 

a 

According to a further aspect of the present invention there is 

112 

provided a compound of formula (II) wherein X is -CR = or -N=, R and R 
are independently selected from hydrogen, halogen, cyano, nitro, optionally 
substituted alkyl, optionally substituted cycloalkyl, optionally 

substituted alkoxy, optionally substituted alkenyl or optionally 

5 5 
substituted alkynyl or from a group -S(0) m R wherein m is 0, 1 or 2 and R 

m fi 7 

is optionally substituted alkyl or from a group C(Y)-NR R where Y is =0 or 
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=S and R 6 and R 7 are independently selected from hydrogen, optionally 
substituted alkyl, optionally substituted alkenyl, optionally substituted 
alkynyl, or amino or R 6 and R 7 together with the nitrogen to which they are 
attached form an optionally substituted aliphatic heterocyclic ring 
containing from 4 to 8 atoms in the ring, or R 6 and R 7 together form the 
group =CHR 18 wherein R 18 is optionally substituted alkyl, optionally 
substituted alkenyl, optionally substituted aryl , optionally substituted 
heterocyclyl or optionally substituted amino, or R 6 is hydrogen and R is 
selected from al koxycarbonyl , alkylcarbonyl , optionally substituted 
aralkyl, or a group -S(0) m R as hereinbefore defined; and wherein R and R 
are independently selected from hydrogen, halogen, optionally substituted 
alkyl and optionally substituted cycloalkyl; and wherein A is as 
hereinbefore defined, provided that when X is -CR 1 and A represents a group 
of formula (IC) wherein R 1 ' is hydrogen, halogen, or a group NR 4 R 
wherein R 4 ' and R 5 ' are independently selected from hydrogen or alkyl; R 
is a group -S(0) n 'R 6 ' wherein n' is 0, 1 or 2 and R 6 ' is a haloalkyl group; 
and R 3 ' is -CN or is a group Cx'-NY^ 2 ' wherein x' is 0 or S or S=0; and 
Y 1 ' and Y 2 ' are independently selected from hydrogen, nitro, amino or alkyl 
optionally substituted by halogen, by cycloalkyl, by formyl , by C 2 _ 7 
alkanoyl, by C 4 _ 7 cycloalkylcarbonyl , by C 2 _ 7 al koxycarbonyl , by C 2 _ 7 
hal oal koxycarbonyl , by an aryl group or by an aromatic heterocyclic group 
or 

Y 1 ' and Y 2 ' together with the nitrogen to which they are attached form 
an aliphatic heterocyclic group containing from 4 to 8 atoms in the ring 
and optionally substituted by halogen or alkyl or 

Y 1 ' and Y 2 ' together form the group =CHY 3 wherein Y 3 is alkyl, C* 26 
alkenyl, aryl, an aromatic heterocycle, or amino optionally substituted by 
al kyl or 

Y 1 ' is hydrogen and Y 2 ' is al koxycarbonyl , alkylcarbonyl, optionally 
substituted aralkyl or a group -S(0) n 'R 6 where R 6 and n are as 
hereinbefore defined, then R 1 and R 2 do not both represent halo. 

Optional substituents which may be present in the aromatic 
heterocyclic group A may be independently selected for example from one or 
more of optionally substituted alkyl, optionally substituted cycloalkyl, 
halogen, cyano, nitro, optionally substituted alkoxy, optionally 
substituted alkenyl, optionally substituted alkynyl, optionally substituted 
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alkeneoxy, optionally substituted alkyneoxy, optionally substituted 
aralkyl, optionally substituted aryl , a group -S(0) m R 5 as hereinbefore 
defined, a group -NR U R 12 as hereinbefore defined, a group -C(Y)-NR 6 R 7 as 
hereinbefore defined, a group -N=CR 15 R 17 as hereinafter defined. 

The term "alky!" as used herein, including when present as a moiety in 
another group such as for example alkoxy, includes branched or straight 
chain alkyl, preferably containing from 1 to 6, and especially from 1 to 4 
carbon atoms. 

Optional substituents which may be present when the term "optionally 
substituted alkyl" is used include for example halogen, C 3 ~ 7 cycloalkyl, 
alkoxy, thioalkyl, haloalkoxy, alkoxycarbonyl , hydroxy, cyano, nitro, 
optionally substituted aryl, optionally substituted amino. The alkyl 
moiety present in the above groups or other groups may be similarly 
substituted. 

The term "optionally substituted amino" as used herein includes a 

111? 1112 
group -NR R wherein wherein R and R are independently selected from 

hydrogen, optionally substituted alkyl, alkoxycarbonyl, acyl , 

11 12 

alkylthio-thiocarbonyl , alkyl ami nocarbonyl , aminocarbonyl or R and R , 
together with the nitrogen atom joining them, form a saturated or 
unsaturated C 5 _g heterocyclic ring. 

The term "alkenyl" as used herein includes branched or straight chain 
alkenyl, preferably containing from 2 to 6, and especially from 2 to 4 
carbon atoms. Optional substituents which may be present in optionally 
substituted alkenyl groups include those mentioned above for alkyl. 

The term "alkynyl" as used herein includes branched or straight chain 
alkynyl, preferably containing from 2 to 6, and especially from 2 to 4 
carbon atoms. Optional substituents which may be present in optionally 
substituted alkenyl groups include those mentioned above for alkyl. 

The term "aryl" as used herein includes phenyl and naphthyl optionally 
substituted with up to five substituents which may be independently 
selected from halogen, optionally substituted alkyl, optionally substituted 
alkoxy, hydroxy, cyano, nitro, optionally substituted amino, alkoxy 
carbonyl or a group -S(0) m R 5 as hereinbefore defined. The term "aralkyl" 
indicates an alkyl group substituted by aryl . Optional substitution 
present in an aralkyl group may be present in either the alkyl or the aryl 
moiety or both. 
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The term heterocyclyl as used herein includes aromatic or non-aromatic 
single or fused rings comprising up to four heteroatoms in the rings 
selected from oxygen, nitrogen and sulphur and optionally substituted with 
aryl or with those substituents mentioned above as suitable for aryl. 

It is preferred that R 3 and R 4 are both hydrogen. 

It is preferred that X is a group -C(Rj)=. 

Preferably R 1 (if present) and R 2 are independently selected from 
halogen, cyano and the group C(Y)-NR 6 R 7 . Preferably, R 1 (if present) is 
halogen, for example chloro, and R 2 is selected from halogen, for example 
chloro, cyano and the group -C(Y)-NR 6 R 7 . 

When the group -C(Y)-NR 6 R 7 is present as a substituent in a compound 
of the present invention, it is generally preferred that Y is =S and R and 
R 7 are independently selected from hydrogen or Cj^alkyl. 

When the group -S(0) m R 5 is present as a substituent in a compound of 
the present invention, R 5 is preferably unsubstituted Cj^alkyl or 
C^haloalkyl . Suitable haloalkyl groups include fluoroalkyl or 
chlorofluoroalkyl groups, for example trif luoromethyl , pentaf luoroethyl , 
chlorodifluoromethyl , dichlorof luoromethyl or dif luoroethyl such as 
1, 1-dif luoroethyl . 

11 12 

When an optionally substituted amino group -NR R is present as a 
substituent in a compound of the present invention it is generally 
preferred that R 11 and R 12 are independently selected from hydrogen and 
C 1-4 alkyl. 

Preferably A is is optionally substituted N-l inked imidazole, 
optionally substituted N-linked pyrrole, optionally substitued N-linked 
pyrimidinone or optionally substituted N-linked pyridone. 

Compounds of the invention wherein A represents optionally substituted 

N-linked imidazole preferably have the structure (III) wherein X, R 2 , R 3 

and R 4 have the meanings given previously; R 8 represents hydrogen, 

optionally substituted alkyl, halogen, optionally substituted alkoxy, 

optionally substituted alkenyl, optionally substituted alkynyl, optionally 

substituted aralkyl or a grup -S(0) m R as hereinbefore defined; R 

represents hydrogen or optionally substituted alkyl, for example haloalkyl, 

or a qroup -S(0) R 5 wherein m and R 5 are as defined previously; and R 10 

m 5 1 12 

represents hydrogen or a group -S(0) m R as hereinbefore defined or -NR jR 

as hereinbefore defined. 
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If R 1 or R 2 is cyano or a group -C(Y)-NR 6 R 7 and R 10 is a group 

-NR n R 12 wherein at least one of R 11 or R 12 is hydrogen, internal 

cyclisation may take place between the groups R 1 (or R 2 ) and R 10 . It is 

19 f\ 7 

preferred therefore that if R or R is cyano or a group -C(Y)-NR R , and 
R 10 is a group -NR U R 12 then both R 11 and R 12 are alkyl. 

Q 

It is preferred that R is hydrogen, alkyl or halogen. 

Q 5 
It is preferred that R is hydrogen, haloalkyl or a group -S(0) m R 

r Q C 1,1 

wherein m is 0, 1 or 2 and R is haloalkyl. When R and R are haloalkyl, 

they are preferably fluoroalkyl or f luorochloroalkyl , for example 

trif luoromethyl or pentaf luoroethyl . 

It is preferred that R 10 is hydrogen or a group -NR^R 12 wherein R 11 
12 

and R are independently selected from hydrogen and alkyl . 

It is preferred that at least one of R 8 , R 9 and R 10 is other than 
hydrogen . 

Thus according to a further aspect of the present invention there is 
provided a compound of formula (III) wherein X is a group -C(R 1 )= wherein 

9 fi 7 

R, is halogen, R is halogen, cyano or the group -C(Y)-NR R wherein Y is 

i fi 7 

=0 or =S and R and R are independently selected from hydrogen or C, A 

3 4 8 

alkyl ;R and R are hydrogen; R is hydrogen, Cj_ 4 alkyl optionally 

substitued by halogen, halogen, or a group -S(0) m R 5 wherein m is 0, 1, or 2 

and R 5 is C 1-4 alkyl optionally substituted by halogen; R 9 is hydrogen or 

C, « alkyl optionally substituted by halogen, or a group -S(0)_R 5 as herein 

10 1 12 11 12 
defined; and R represents hydrogen or -NR jR wherein R and R are 

are independently selected from hydrogen and Cj_ 4 alkyl. 

Compounds of the invention wherein A represents optionally substituted 

2 3 

N-l inked pyrazole preferably have the structure (IV) wherein X, R , R and 
4 13 

R have the meanings given previously; and wherein R is cyano or a group 

-C(Y)-NR 6 R 7 as hereinbefore defined; R 14 is a group -S(0) R 5 as 

hereinbefore defined; and R is hydrogen, halogen, optionally substituted 

alkyl, optionally substituted alkenyl, optionally substituted alkynyl, 

optionally substituted alkoxy, optionally substituted alkeneoxy, optionally 

substituted alkyneoxy, optionally substituted aryl , a group -S(0) R^ as 

11 12 

hereinbefore defined, a group -NR R as hereinbefore defined or a group 
-N=CR 16 R 17 wherein R 16 and R 17 are independently selected from hydrogen, 
optionally substituted alkyl, optionally substituted alkoxy, a group 
-S(0) m R 5 as hereinbefore defined, a group -NR^R 12 as hereinbefore defined, 
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optionally substituted aryl , optionally substituted aromatic heterocyclyl , 
or R 16 and R 17 together with the carbon atom joining them form a 5 _ g 
saturated or unsaturated carbocyclic ring or heterocyclic ring, provided 
that when X is -CR 1 and A represents a group of formula (IC) wherein R is 
hydrogen, halogen, or a group NR 4 'r 5 ' wherein R 4 and R 5 are independently 
selected from hydrogen or alkyl; R 2 ' is a group -S(0) R 6 wherein n is 0, 
1 or 2 and R° is a haloalkyl group; and R is -CN or is a group 
Cx'-NY 1 V wherein x' is 0 or S or S=0; and Y 1 ' and Y 2 are independently 
selected from hydrogen, nitro, amino or alkyl optionally substituted by 
halogen, by cycloalkyl, by formyl , by C 2 _ 7 alkanoyl, by C 4 _ 7 
cycloalkylcarbonyl , by C 2 _ 7 alkoxycarbonyl , by C 2 _ ? haloal koxycarbonyl , by 
an aryl group or by an aromatic heterocyclic group or 

Y 1 ' and Y 2 ' together with the nitrogen to which they are attached form 
an aliphatic heterocyclic group containing from 4 to 8 atoms in the ring 
and optionally substituted by halogen or alkyl or 

Y 1 ' and Y 2 ' together form the group =CHY 3 wherein Y 3 is alkyl, C 2 _ 6 
alkenyl, aryl, an aromatic heterocycle, or amino optionally substituted by 
alkyl or 

Y 1 ' is hydrogen and Y 2 ' is alkoxycarbonyl, alkylcarbonyl , optionally 

I CI * gl " 

substituted aralkyl or a group -S(0) n R where R and n are as 

i 9 

hereinbefore defined, then R and R do not both represent halo. 

Alternatively, compounds of the invention wherein A represents 

optionally substituted N-l inked pyrazole may have a structure (IV) wherein 

o a 13 14 

X # R , R and R have the meanings given previously, R and R are as 

defined above and R 15 is optionally substituted alkyl, optionally 

substituted alkenyl, optionally substituted alkynyl, optionally substituted 

alkoxy, optionally substituted alkeneoxy, optionally substituted alkyneoxy, 

optionally substituted aryl, a group -S(0)R 5 as hereinbefore defined, or a 

i c 1 7 1 A 17 

group -N=CR R wherein R and R are independently selected from 
hydrogen, optionally substituted alkyl, optionally substituted alkoxy, a 
group -S(0) m R 5 as hereinbefore defined, a group -NR U R 12 as hereinbefore 
defined, optionally substituted aryl, optionally substituted aromatic 
heterocyclyl, or R 16 and R 17 together with the carbon atom joining them 
form a c o saturated or unsaturated carbocyclic ring or heterocyclic ring. 
Preferably R is cyano. 
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Preferably R 14 is a group -S(0) m R 5 wherein m is 0, 1 or 2 and R 5 is 
haloalkyl, and especially fluoroalkyl such as trif luoromethyl or 
pentaf luoroethyl or chlorof luoroal kyl . 

Preferably R 15 is alkoxy or thioalkyl (a group -S(0) R 5 wherein m is 0 
and R D is alkyl) or is a group -N=CR R wherein R is alkyl or hydrogen 
and R 17 is optionally substituted alkyl, for example alkyl optionally 
substituted with alkoxy, or is optionally substituted phenyl, for example 
phenyl substituted by hydroxy and optionally one or more groups, for 
example alkoxy. 

Thus according to a further aspect of the present invention there is 
provided a compound of formula (IV) wherein X is a group -C(R 1 )= wherein R. 

9 fi 7 

is halogen, and R is halogen, cyano or the group -C(Y)-NR R wherein Y is 

=0 or =S and R^ and R 7 are independently selected from hydrogen or C 1 * 
? 4 1 ^ fi 7 ™ 

alkyl; R and R are hydrogen; R is cyano or a group -C(Y)-NR R as 

herein defined; R 14 is a group -S(0) R^ wherein m is 0, 1, or 2 and R 5 is 

15 

^1-4 a lkyl optionally substituted by halogen; and R is alkoxy, or a 

group -S(0) m R^ as herein defined. 

Compounds of the invention wherein A represents optionally substituted 

2 3 4 

N-l inked pyrrole preferably have the structure (V) wherein X, R , R and R 

19 

have the meanings given previously; and wherein R represents hydrogen, 

halogen, a group -S(0) m R^ as hereinbefore defined, optionally substituted 

alkyl, optionally substituted alkenyl, optionally substituted alkynyl, 

optionally substituted alkoxy, optionally substituted alkeneoxy, optionally 

11 12 

substituted alkyneoxy, a group -NR R as defined herein or a group 

-N=CR 16 R^ as defined herein; R 20 represents hydrogen, a group -S(0) m R^ as 

hereinbefore defined, optionally substituted alkyl, optionally substituted 

21 

alkenyl or optionally substituted alkynyl; R represents cyano or a group 

fi 7 22 
-C(Y)-NR R as hereinbefore defined; and R represents hydrogen, halogen, 

a group -S(0) m R^ as hereinbefore defined, optionally substituted alkyl 

optionally substituted alkenyl, optionally substituted alkynyl, optionally 

substituted alkoxy, optionally substituted alkeneoxy or optionally 

substituted alkyneoxy. 

If R 1 or R 2 is cyano or a group -C(Y)-NR 6 R 7 and R 19 is a group 

11 12 11 12 

-NR R wherein at least one of R or R is hydrogen, internal 

12 19 22 

cyclisation may take place between the groups R (or R ) and R (or R ). 
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It is preferred therefore that if R 1 or R 2 is cyano or a group -C(Y)-NR 6 R 7 r 
and R 19 or R 22 is a group -NR U R 12 then both R 11 and R 12 are alkyl. 

Preferably R 19 represents, hydrogen, halogen, a group -NR^R 12 wherein 
R 11 and R 12 independently represent hydrogen or alkyl and preferably both 
represent hydrogen, or a group -S(0) m R5 wherein m is 0 and R 5 is alkyl. 

Preferably R20 represents a group -S(0) m R 5 wherein m is 0, 1 or 2 and 

R 5 is haloalkyl, for example fluoroalkyl or chlorofluoroalkyl . As specific 

examples of such groups there may be mentioned trif luoromethyl , 

pentafluoroethyl , dichlorof luoromethyl and chlorodif luoromethyl . 
21 

Preferably R represents cyano. 

00 

Preferably, R represents hydrogen, halogen, for example chloro, or a 
group -SfO^R 5 wherein R 5 is haloalkyl, for example trif luoroalkyl or 
pentafluoroethyl . 

Thus according to a further aspect of the present invention there is 
provided a compound of formula (V) wherein X is a group -C(Rj)= wherein 
is halogen, R 2 is halogen, cyano or the group -C(Y)-NR 6 R 7 wherein Y is =0 
or =S and R 6 and R 7 are independently selected from hydrogen or alkyl; 
R 3 and R 4 are hydrogen; and wherein R 19 represents hydrogen, halogen, a 
group -NR U R 12 wherein R 11 and R 12 independently represent hydrogen of C 1-4 
alkyl or a group -S(0) m R 5 wherein m is 0, 1, or 2 and R 5 is C^ 4 alkyl 
optionally substituted by halogen; R 20 is hydrogen or a group -S(0) m R 5 as 
herein defined, R 21 represents cyano or a group -C(Y)-NR 6 R 7 wherein Y is =0 
or =S and R 6 and R 7 are independently selected from hydrogen or C, 4 alkyl; 
and R represents hydrogen, halogen, a group -S(0) m R as herein defined. 

Compounds of the invention wherein A represents optionally substituted 
N-l inked pyrimidinone preferably have the structure (VI) wherein X, R 2 , R 3 
and R have the meanings given previously; R is oxygen or sulphur; R 



is hydrogen, halogen, -NR U R 12 as hereinbefore defined, -S(0)R 5 as 

25 

hereinbefore defined, alkyl or cycloalkyl; R tJ is halogen, nitro, 
haloalkyl, haloalkoxy or -S(0)R D as hereinbefore defined; and R is 



m 5 
hydrogen, optionally substituted alkyl, halogen, cyano, alkoxy, -S(0) m R as 

hereinbefore defined, , NR^R 12 as hereinbefore defined, formyl or nitro. 

23 

Preferably R is oxygen. 
24 

Preferably R is hydrogen. 

Preferably R 25 is fluoroalkyl, for example trif luoromethyl or 
pentafluoroethyl . 
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Preferably R is hydrogen or alkyl. 

Thus according to a further aspect of the present invention there is 

provided a compound of formula (VI) wherein X is a group -C(RJ= wherein R* 

9 fi 7 

is halogen, R is halogen, cyano or the group -C(Y)-NR R wherein Y is =0 

or =S and R^ and R^ are independently selected from hydrogen or C, « alkyl; 

3 4 23 24 25 . 
R and R are hydrogen; R is oxygen or sulphur; R is hydrogen, R is 

^i-4 haloalkyl; and R is hydrogen or alkyl. 

Compounds of the invention wherein A represents optionally substituted 

2 3 

N-l inked pyridone preferably have the structure (VII) wherein X, R , R and 

4 27 28 

R have the meanings given previously; R is oxygen or sulphur, R is 

11 12 

hydrogen, halogen, a group -NR R as hereinbefore defined, optionally 
substituted alkyl, for example haloalkyl, optionally substituted alkoxy, 

for example haloalkoxy and optionally substituted thioalkyl, for example 

29 11 12 

halothioalkyl ; R is hydrogen, halogen, a group -NR R as hereinbefore 

defined, optionally substituted alkyl, for example haloalkyl, optionally 

substituted alkoxy, for example haloalkoxy and optionally substituted 

thioalkyl, for example halothioalkyl, cyano, nitro, optionally substituted 

oximino, optionally substituted alkenyl, optionally substituted aryloxy, or 

a group -S(0) n] R 5 as hereinbefore defined; R30 is hydrogen, optionally 

substituted alkyl, for example haloalkyl, alkenyl optionally substituted by 

32 32 

halogen or by a group -C00R wherein R is alkyl optionally substituted 
31 28 

by halogen; and R is a group R as defined above or a cyano or nitro 
group. 

27 

Preferably R is oxygen. 
28 

Preferably R is hydrogen. 
29 

Preferably R is hydrogen, halogen or haloalkyl, for example 

fluoroalkyl such as trif luoromethyl or pentaf luoroethyl . 

30 

Preferably R is hydrogen or haloalkyl. 
31 

Preferably R is hydrogen, halogen, nitro or cyano. 

Thus according to a further aspect of the present invention there is 

provided a compound of formula (VII) wherein X is a group -C(R 1 )= wherein 

7 fi 7 

R 1 is halogen, R is halogen, cyano or the group -C(Y)-NR R wherein Y is 

J- fi 7 

=0 or =S and R and R are independently selected from hydrogen or C« A 

3 4 28 29 

alkyl; R and R are hydrogen; R is hydrogen; R is hydrogen, halogen or 

31 

c l-4 haloalkyl; R30 is hydrogen, or Cj_ 4 haloalkyl; and R is hydrogen, 
halogen, nitro or cyano. 
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Examples of compounds of the present invention having the 
formula (III) wherein X is -CR ! = are set out in Table I. Examples of 
compounds of the present invention having the formula (IV) are set out in 
Table II. Examples of compounds of the present invention having the 
formula (V) are set out in Table III. Examples of compounds of the present 
invention having the formula (VI) are set out in Table IV. Examples of 
compounds of the present invention having the formula (VII) are set out in 
Table V. 
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TABLE JV 

Compound R 1 R 2 R 3 R 4 R 23 R 24 R 25 R 26 
Number 

29 CI CI H H 0 H CF 3 H 

30 CI CI H H 0 H C 2 F 5 H 

TABLE V 

Compound R 1 R 2 R 3 R 4 R 27 R 28 R 29 R 30 R 31 
Number 

31 CI CI H H 0 H CF 3 H CI 

Compounds corresponding to each of the above compounds in Tables I to 
V wherein, in place of the values of R 1 and R 2 listed, R 1 is CI and R 2 is 
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CN should also be considered as being specifically disclosed as should 

1 2 
compounds wherein R is CI and R is F. 

In general, compounds of formula (IA), (IB) and (II) may be prepared 
by the reaction of Scheme I wherein AH is the appropriate heterocyclic 
compound carrying a hydrogen atom on the heterocyclic nitrogen and Z is a 
leaving group such as halogen, and especially chlorine or fluorine. Thus 
for example, when A is imidazole, the reaction of Scheme (1) is as more 
specifically illustrated is Scheme (2). The reaction suitably takes place 
in the presence of a base such as an alkali metal hydride, an alkali metal 
alkoxide or an alkali metal carbonate and in a suitable solvent. An 
especially suitable base is sodium hydride and the reaction suitably takes 
place under an inert atmosphere and in the presence of a polar aprotic 
solvent such as dimethyl formamide or dimethylacetamide or 
N-methylpyrrolin-2-one. Other suitable solvents include hydrocarbon 
solvents such as petroleum ether or toluene or an alcohol or an ether such 
as tetrahydrofuran. The reaction temperature is conveniently in the range 
0°C to 120°C, for example 20°C to 65°C. 

In an alternative approach, the heterocyclic ring may be prepared by 

cyclisation. Such a cyclisation process for the imidazole ring is 

illustrated for example in Scheme 3 using a general method more 

specifically described in EP 0 396 427. 

A similar cyclisation process is illustrated in Scheme 4 for the 

preparation of pyrazoles. A corresponding cyclisation process for the 

preparation of pyrroles is illustrated in Scheme 5 using a general method 

more specifically described in EP 0 460 940. 

Scheme 2 illustrates a reaction in which the substituents R 1 , R 2 , R 3 , 
4 8 9 10 

R , R , R and R are present in the starting materials. Those skilled in 
the art will appreciate that it is also possible for precursors to any of 
the groups R 1 , R 2 , R 3 , R 4 , R 8 , R 9 and R 10 to be present in the starting 
materials and for such groups to be converted to the groups R 1 , R 2 , R 3 , R 4 , 
R 8 , R 9 or R 10 after the reaction has taken place. Similarly, Schemes 3 to 
5 have as their final product a specific compound of the invention which 
may then be converted to other compounds of the invention using appropriate 
conversion reactions. A number of appropriate conversion reactions are 
illustrated in the Examples. Other suitable conversion reactions are 
described in the art or will occur to those skilled in the art. 
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Compounds of formula (XII) may be prepared by the general method of 
Scheme 6 which illustrates the preparation of the compound of formula 
(XXII). Suitable chlorinating agents include N-chlorosuccinimide and 
concentrated hydrochloric acid in the presence of hydrogen peroxid. 
Compound (XX) may be prepared as described in the Journal of the Americal 
Chemical Society fi4 3064 (1962). 

Typical reactions for the preparation of specific compounds of general 
formula (IX) are illustrated in Schemes 7 and 8 and more specifically 
described in the Examples herein. Variants of such reactions suitable for 
the preparation of other compounds of general formula (IX) will occur to 
those skilled in the art. 

Intermediate compounds of general formula (XIII) in Scheme 3, (XVII) 
in Scheme 4 # (XIX) in Scheme 5, (XXIII) and (XXIV) in Scheme 7, (XXV) and 
(XXVI) in Scheme 8, and (XXVII) and (XXVIII) in Scheme 8 are believed to be 
novel and form a further aspect of the present invention. Intermediates 
wherein R 3 and R 4 are hydrogen are especially preferred. Further novel 
intermediate compounds are illustrated in the Examples and include for 
example 3, 4 ,5-trichlorobenzenesul phurpentaf luoride, 3,5-dichloro- 
benzenesul phurpentaf luoride, 3,5-dichloro-4-fluorobenzenesulphurpenta- 
fluoride, 3-chloro-4,5-difluorobenzenesul phurpentaf luoride, 
4-ami no-3-bromobenzenesul phurpentaf 1 uori de * , 4-ami no-3-cy anobenzene- 
sulphurpentaf luoride *, 4-ami no-3-chloro-5-cyanobenzenesul phurpentaf luoride 
* and 3-cyano-4,5-dichlorobenzenesulphurpentafluoride. Certain 
intermediates, and in particular those marked above with an asterisk (*) 
may have insecticidal activity in their own right. 

The compounds of formula (I) may be used to combat and control 
infestations of insect pests and also other invertebrate pests, for 
example, acarine pests. The insect and acarine pests which may be combated 
and controlled by the use of the invention compounds include those pests 
associated with agriculture (which term includes the growing of crops for 
food and fibre products), horticulture and animal husbandry, forestry, the 
storage of products of vegetable origin, such as fruit, grain and timber, 
and also those pests associated with the transmission of diseases of man 
and animals. 

Thus according to a further aspect of the present invention there is 
provided an insecticidal or acaricidal composition comprising an 
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insecticidally or acaricidal ly effective amount of a compound according to 
the invention in association with an insecticidally or acaricidally inert 
dilutent or carrier. 

In order to apply the compounds to the locus of the pests they are 
usually formulated into compositions which include in addition to the 
insecticidally active ingredient or ingredients of formula I suitable inert 
diluent or carrier materials, and/or surface active agents. The 
compositions may also comprise another pesticidal material, for example 
another insecticide or acaricide, or a fungicide, or may also comprise an 
insecticide synergist, such as for example dodecyl imidazole, safroxan, or 
piperonyl butoxide. 

The compositions may be in the form of dusting powders wherein the 
active ingredient is mixed with a solid diluent or carrier, for example 
kaolin, bentonite, kieselguhr, or talc, or they may be in the form of 
granules, wherein the active ingredient is absorbed in a porous granular 
material for example pumice. 

Alternatively the compositions may be in the form of baits wherein the 
active ingredient is mixed with a nutrient carrier for example sucrose, 
yeast, malt extract, cereal or cereal products and optionally an attractant 
such as a pheromone or pheromone analogue. 

Alternatively the compositions may be in the form of liquid 
preparations to be used as dips or sprays, which are generally aqueous 
dispersions or emulsions of the active ingredient in the presence of one or 
more known wetting agents, dispersing agents or emulsifying agents (surface 
active agents) . 

Wetting agents, dispersing agents and emulsifying agents may be of the 
cationic, anionic or non-ionic type. Suitable agents of the cationic type 
include, for example, quaternary ammonium compounds, for example 
cetyltrimethyl ammonium bromide. Suitable agents of the anionic type 
include, for example, soaps, salts of aliphatic monoesters of sulphuric 
acid, for example sodium lauryl sulphate, salts of sulphonated aromatic 
compounds, for example sodium dodecyl benzenesulphonate, sodium, calcium or 
ammonium lignosulphonate, or butylnaphthalene sulphonate, and a mixture of 
the sodium salts of diisopropyl- and triisopropylnaphthalene sulphonates. 
Suitable agents of the non-ionic type include, for example, the 
condensation products of ethylene oxide with fatty alcohols such as oleyl 
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alcohol or cetyl alcohol, or with alkyl phenols such as octyl phenol, nonyl 
phenol and octyl cresol . Other non-ionic agents are the partial esters 
derived from long chain fatty acids and hexitol anhydrides, the 
condensation products of the said partial esters with ethylene oxide, and 
the lecithins. 

The compositions may be prepared by dissolving the active ingredient 
in a suitable solvent, for example, a ketonic solvent such as diacetone 
alcohol, or an aromatic solvent such as trimethyl benzene and adding the 
mixture so obtained to water which may contain one or more known wetting, 
dispersing or emulsifying agents. 

Other suitable organic solvents are dimethyl formamide, ethylene 
dichloride, isopropyl alcohol, propylene glycol and other glycols, 
diacetone alcohol, toluene, kerosene, white oil, methylnaphthalene, xylenes 
and trichloroethylene, N-methyl-2- pyrrol idone and tetrahydrofurfuryl 
alcohol (THFA). 

The compositions which are to be used in the form of aqueous 
dispersions or emulsions are generally supplied in the form of a 
concentrate containing a high proportion of the active ingredient or 
ingredients, the said concentrate to be diluted with water before use. 
These concentrates are often required to withstand storage for prolonged 
periods and after such storage, to be capable of dilution with water to 
form aqueous preparations which remain homogeneous for a sufficient time to 
enable them to be applied by conventional spray equipment. The 
concentrates may contain 10-85% by weight of the active ingredient or 
ingredients. When diluted to form aqueous preparations such preparations 
may contain varying amounts of the active ingredient depending upon the 
purpose for which they are to be used. For agricultural or horticultural 
purposes, an aqueous preparation containing between 0.0001% and 0.1% by 
weight of the active ingredient (approximately equivalent to from 
5-2000g/ha) is particularly useful. 

In use the compositions are applied to the pests, to the locus of the 
pests, to the habitat of the pests, to growing plants liable to infestation 
by the pests, or, where there is systemic uptake by plants, to the soil 
surrounding plants liable to infestation, by any of the known means of 
applying pesticidal compositions, for example, by dusting or spraying. 
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Thus according to a further aspect of the present invention there is 
provided a method of combating insect and acarine pests at a locus which 
comprises treating the locus with an insecticidal ly or acaricidally 
effective amount of a composition according to the present invention. 

The compounds of the invention may be the sole active ingredient of 
the composition or they may be admixed with one or more additional active 
ingredients such as insecticides, insecticide synergists, herbicides, 
fungicides or plant growth regulators where appropriate. 
Suitable additional active ingredients for inclusion in admixture with the 
compounds of the invention may be compounds which will broaden the spectrum 
of activity of the compounds of the invention or increase their persistence 
in the location of the pest. They may synergise the activity of the 
compound of the invention or complement the activity for example by 
increasing the speed of effect, improving knockdown or overcoming 
repel lency. Additionally multi -component mixtures of this type may help to 
overcome or prevent the development of resistance to individual components. 

The particular insecticide, herbicide or fungicide included in the 
mixture will depend upon its intended utility and the type of complementary 
action required. Examples of suitable insecticides include the following: 

a) Pyrethroids such as permethrin, esfenvalerate, deltamethrin, 
cyhalothrin in particular lambda-cyhalothrin, cypermethrin, alpha 
cypermethrin, bifenthrin, fenpropathrin, cyfluthrin, tefluthrin, fish 
safe pyrethroids for example ethofenprox, natural pyrethrin, 
tetramethrin, s-bioallethrin, fenfluthrin, prallethrin, or 
S-benzyl-S-furylmethyl-CEj-tlR^Sj^^-dimethyl-S-CZ-oxothiolan- 
-3-ylidenemethyl) cyclopropane carboxylate; 

b) Organophosphates such as profenofos, sulprofos, methyl parathion, 
azinphos-methyl , demeton-s-methyl , heptenophos, thiometon, fenamiphos, 
monocrotophos, triazophos, methamidophos, dimethoate, phosphamidon, 
malathion, chloropyrifos, phosalone, fensulfothion, fonofos, phorate, 
phoxim, pirimiphos-methyl , fenitrothion or diazinon; 

c) Carbamates (including aryl carbamates) such as pirimicarb, 
cloethocarb, carbofuran, ethiofencarb, aldicarb, thiofurox, 
carbosulfan, bendiocarb, fenobucarb, propoxur or oxamyl; 

d) Benzoyl ureas such as triflumuron, or chlorf luazuron; 

e) Organic tin compounds such as cyhexatin, fenbutatin oxide, or 
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azocyclotin; 

f) Macrolides such as avermectins or mi Ibemycins, for example such as 
abamectin, ivermectin, and milbemycin; 

g) Hormones such as pheromones; 

h) Organochlorine compounds such as benzene hexachloride, DDT, chlordane 
or dieldrin. 

i) Amidines, such as chlordimeform or amitraz. 

In addition to the major chemical classes of insecticide listed above, 
other insecticides having particular targets may be employed in the mixture 
if appropriate for the intended utility of the mixture. For instance 
selective insecticides for particular crops, for example stemborer specific 
insecticides for use in rice such as cartap or buprofezin can be employed. 
Alternatively insecticides specific for particular insect species/stages 
for example ovo-larvicides such as clofentezine, flubenzimine, hexythiazox 
and tetradifon, acaricides such as dicofol, propargite, bromopropylate, 
chlorobenzilate, or growth regulators such as hydramethylnon, cyromazine, 
methoprene, hydroprene, chlorf luazuron and dif lubenzuron may also be 
included in the compositions. 

Examples of suitable insecticide synergists for use in the 
compositions include piperonyl butoxide, sesamex, and dodecyl imidazole. 

Suitable herbicides, fungicides and plant-growth regulators for 
inclusion in the compositions will depend upon the intended target and the 
effect required. An example of a rice selective herbicide which can be 
included is propanil, an example of a plant growth regulator for use in 
cotton is "Pix" , and examples of fungicides for use in rice include 
blasticides such as bl asticidin-S. 

The ratio of the compound of the invention to the other active 
ingredient in the composition will depend upon a number of factors 
including type of target, effect required from the mixture etc. 

However in general, the additional active ingredient of the 
composition will be applied at about the rate as it is usually employed, or 
at a slightly lower rate if synergism occurs. 

The compounds of the present invention and compositions comprising 
them have shown themselves active against a variety of insect and other 
invertebrate pests. Compounds of the present invention are also generally 
characterised by a relatively broad spectrum of activity which may include 
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Lepidoptera and Coleoptera in addition to public health pests such as flies 
and cockroaches. 

The efficacy of certain insecticides against the target species, for 
example public health pests such as flies and cockroaches, may be reduced 
dramatically over a period of years as the target species develop 
resistance to the insecticide. Thus the presence of resistant strains of 
housefly and other public health pests in many parts of the world can be a 
serious problem and limits the use of insecticides such as 1 indane/dieldrin 
and more generally the general class of insecticides known as cyclodienes. 
Resistance can persist many years after an insecticide has ceased to be in 
widespread use and what is more, resistant strains of the target species 
may also prove to be resistant to novel insecticides. Such 
"cross-resistance" may mean that even a novel insecticide is effective only 
against susceptible strains of the target species and has relatively little 
effect on resistant strains. This can prove a serious limitation. 

Thus compounds of the present invention may also be active against 
organophosphate, pyrethroid or cyclodiene (for example lindane or dieldrin) 
resistant strains of public and animal health pests. They may be effective 
in combating both susceptible and resistant strains of the pests in their 
adult and immature stages of growth, and may be applied to the infested 
host animal by topical, oral or parenteral administration. 

The following Examples illustrate the invention. Throughout the 
Examples, the term 'ether 1 refers to diethyl ether, magnesium sulphate was 
used to dry solutions except where otherwise indicated, and solutions were 
concentrated under reduced pressure. All reactions were performed under an 
atmosphere of nitrogen and solvents were dried before use, where 
appropriate. Unless otherwise stated, chromatography was performed on a 
column of silica gel as the stationary phase. Where shown NMR and other 
data are selective; no attempt is made to list every absorption in all 
cases. *H NMR spectra were recorded using CDCl 3 -solutions unless otherwise 
stated. The following abbreviations are used throughout: 
NMR = nuclear magnetic resonance ppm = parts per million 

m = multiplet s = singlet 

d = doublet melting points are in °C 

mp = melting point DMF = N,N-dimethylformamide 
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PRFPARATION 1 

Preparation of 4-ami nnhenzenesu lphurpentaf 1 uoride ^ 
4-Nitrobenzenesulphurpentafluoride (26. 7g) in propan-2-ol (220 cm ) 
containing water (40 cm 3 ) and concentrated hydrochloric acid (3 cm ) was 
treated with reduced iron powder (54g) . The mixture was stirred and heated 
to reflux for 2 hours, cooled to 65° and neutralised with saturated aqueous 
potassium carbonate. The mixture was filtered whilst hot through a bed of 
keiselghur, and washed through with further propan-2-ol . The filtrate was 
evaporated under reduced pressure, the residual solid dissolved in diethyl 
ether (200 cm 3 ), filtered and the filtrate evaporated to give the required 
product as a fawn solid. 

*H NMR 6(CDC1 3 ) broad signal 4.0 (2H) , 6.62(d,2H), 7.53(d,2H) 

PRFPARATION 2 

Preparation of 3.5-dichloro-4-aniinobenze nesulDhurDentaf luoride 

4-Aminobenzenesulphurpentafluoride (20.0g) in dry acetonitrile (150 
cm 3 ) was stirred at ambient temperature and treated with 
N-chlorosuccinimide (26. 7g) in portions over 2 hours. The mixture was 

stirred for 18 hours, heated to reflux for \h hour and evaporated under 

3 

reduced pressure. The residue was partitioned between hexane (600 cm ) and 
aqueous sodium bicarbonate. The hexane fraction was washed twice with 
water and dried (anhydrous magnesium sulphate) and evaporated under reduced 
pressure to give the required product as a pale brown solid. 
l W NMR 8(CDC1 3 ) 4.80(broad,2H), 7.60(s,2H). 

PRFPARATION 3 

Preparation of 3 ,4.5-Trichloroben7 PnesulphurDentafluoride 

4-Amino-3,5-dichlorobenzenesulphurpentafluoride (5.76g) in dry 
acetonitrile (30 cm 3 ) was added dropwise to a stirred mixture of copper 
(II) chloride 3.23g) and tertiary butylnitrite (3.1g, 3.56 cm 3 ) in dry 
acetonitrile (50 cm 3 ) at 60-5° under an atmosphere of nitrogen. On 
complete addition the reaction was kept at 60-5° for 1 hour, cooled and 
poured into water (700 cm 3 ). The mixture was acidified with concentrated 
hydrochloric acid and extracted with hexane (2 x 250 cm 3 ). The hexane 
fractions were washed with water and dried (anhydrous magnesium sulphate). 
The solvent was evaporated under reduced pressure to give a brown liquid 
which was distilled at 120-130°/12mm Hg. to give a mixture of the required 
product (A) and 3 ,5-dichlorobenzenesulphurpentaf luoride (B) . 
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(A) ! H NMR 5(CDC1 3 ) 7.80(s), Molecular ion 306; 

(B) ! H NMR 5(CDC1 3 ) 7.54(d,lH), 7.67(d,2H). 

PRFPARATION 4 

Preparation of (A) 3.5-nir.hloro-4- f1uorobenzenesulphurpentaf luoride and 
f 3-Chloro-4 . 5-di f 1 uorobenzen esnlphurpentaf 1 uoride 

The mixture from Preparation 3 (6.9g) in dry sulpholane (21 cm ) was 
treated with dry potassium fluoride (2.0g) and tetraphenylphosphonium 
bromide (catalyst; 0.18g). The mixture was stirred and heated to 200-205° 
under an atmosphere of nitrogen for 5 hours. The mixture was cooled to 
ambient temperature and diluted with water (1 litre) and extracted with 
hexane (3 x 300 cm 3 ). The hexane fractions were washed with water (2 x 200 
cm 3 ), dried (anhydrous magnesium sulphate) and the solvent evaporated under 
reduced pressure to give a mixture containing the above products in the 
ratio 8:1 (A:B) as a brown liquid, together with unreacted 
3,5-dichlorobenzenesulphurpentafluoride present in the starting material. 
The proportion of the product (B) obtained in repeat preparations was 
variable. Unless indicated otherwise, the minor product (B) was usually 
eliminated during subsequent reaction and isolation or purfi cation of 
end-products obtained using the product of Preparation 4 as a starting 
material . 

A) Molecular ion 290 

(B) Molecular ion 274 

h NMR 8(CDC1 3 ) (A) 7.77(d) 

PREPARATION 5 

Preparation of 4-amino-3-bromo henzenesulphurpentaf1uoride 

4-Aminobenzenesulphurpentafluoride (11. Og) in acetonitrile (dry; 
140 cm 3 ) was stirred at ambient temperature and treated with a solution of 
N-bromosuccinimide (9.0g) in acetonitrile (90 cm 3 ) over 7 hours. The 
mixture was stored at ambient temperature for 18 hours, and the solvent 
evaporated under reduced pressure. The residue was partitioned between 
diethyl ether (300 cm 3 ) and aqueous sodium bicarbonate (200 cm ). The 
ether fraction was washed with water, dried (anhydrous magnesium sulphate) 
and evaporated under reduced pressure to give the required product as a 
fawn solid. 

melting point (hexane) 62.5-63.5°. 

J H NMR 8(CDC1 3 ) 4.4(b,2H), 6.74(d,lH), 7.50(dd,lH), 7.82(d,lH). 
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Molecular ion 297. 

PREPARATION 6 

Preparation of 4-Amino-3-cvanob fin7enesulDhurpentaf luoride 

4-Amino-3-bromobenzenesulphurpentaf luoride (12. 4g) in dry 
N-methylpyrrolidin-2-one (dry; 20 cm 3 )) was treated with copper (I) cyanide 
(4.0g) under an atmosphere of nitrogen. The mixture was stirred at 
160-170° for 17 hours, cooled to ambient temperature and diluted with 
aqueous ammonia. The mixture was extracted with diethyl ether (3 x 250 
cm 3 ) and the combined extracts washed with water (2 x 300 cm 3 ) and dried 
(anhydrous magnesium sulphate). The solvent was evaporated under reduced 
pressure to give the required product as a brown solid. 

A portion was further purified by chromatography (silica gel; 
hexane/ethyl acetate 7:3 by volume). 
Melting point 122-4°. 

! H NMR 8(CDC1 3 ) 4.7(broad signal 2H) , 6.76(d,lH), 7.68(dd,lH), 

7.80(d,lH). 

Molecular ion 244. 

PREPARATION 7 

Preparation of 4-Amino-3-chloro-5-cvano-benzenesu1phurpe ntaf luoride 

4-Amino-3-cyanobenzenesulphurpentaf luoride (7.0g) in carbon 
tetrachloride (4g) was stirred and treated at ambient temperature with 
chlorine (4g). 

The reaction mixture was stored for 48 hours, the solvent evaporated 
under reduced pressure, the residue washed with hexane and filtered to give 
the required product as a yellow solid. 
Molecular ion 278. 
Melting point 102-3°. 

X H NMR 8(CDC1 3 ) 5.2(broad signal, 2H), 7.76(d,lH), 7.85(d,lH). 

PREPARATION 8 

Preparation of 3-Cvano-4.5-dich1orobenzenesulphurpentaf luoride 

The material from Preparation 7 (5.3g) in acetonitrile (dry, 40 cm 3 ) 
was added dropwise over 0.5 hour to a stirred mixture of copper (II) 
chloride (3.23g) and tertiary butyl nitrite (3.56 cm 3 ) in acetonitrile 
(dry; 50 cm 3 ) at 60-5° under an atmosphere of nitrogen. On complete 
addition the reaction was heated for a further 0.5 hour at 60°, cooled, 
poured into water (750 cm), acidified with concentrated hydrochloric acid 
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and extracted with hexane/diethylether (1:1 by volume; 3 x 200 cm ) . The 

3 

organic fractions were combined, washed with water (3 x 200 cm ), dried 
(anhydrous magnesium sulphate) and evaporated under reduced pressure to 
give an oil. The oil was distilled at 140-5° at 12mm Hg to give an oil 
which solidified on cooling, (3.97g) and contained 3-chloro-5-cyano- 
-benzenesulphurpentafluoride (A) (6%) and the required product (B) (94%). 
Molecular ions (A) 263 
(B) 297 

! H NMR 8(CDC1 3 ) (B) 8.00(d,lH), 8.10(d,lH). 

PREPARATION 9 

Preparation of Ethvl N-(2.6-dich1orobenzene 4-pentaf luorosulphanvl)- 
-formimidate 

4-Amino-3,5-dichlorobenzenesulphurpentaf luoride (20g) was treated with 

3 

triethylorthoformate (38.6 cm ) and p-toluenesul phonic acid hydrate 
(catalyst; 0.75g). The mixture was heated to 110° and ethanol removed by 
distillation during the reaction. The excess orthoformate was evaporated 
under reduced pressure to give an oil containing the required product. 
Molecular ion 343. 

PREPARATION 10 

Preparation of N-cvanomethvl-N > -(2.6-dichlorobenzene-4-pentaf1uoro 
-sulphanyp-formamidine 

The material from Preparation 9 (22g) was dissolved in dry 
tetrahydrofuran (90 cm ) and treated with aminoacetonitrile (4.3g) in dry 
tetrahydrofuran (90 cm) over 3 hours. 

The reaction was stirred and heated to reflux under an atmosphere of 

nitrogen for 18 hours, further aminoacetonitrile (3.4g) in tetrahydrofuran 
3 

(50 cm ) added over 4 hours and heated for a further 1 hour on complete 
addition. The solvent was evaporated under reduced pressure, the residue 
taken into water and extracted with dichloromethane (400 cm ) . The organic 
fraction was washed with water, dried (magnesium sulphate) and evaporated 
under reduced pressure to give a solid. The solid was washed with hexane, 
filtered, washed with further hexane and dried to give the required product 
as a purple solid. 

X H NMR 5(CDC1 3 ) 4.40(2H, broad signal), 4. 85-5. 45(1H, broad signal), 
7.62(lH,s), 7.72(2H,s). 
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PREPARATION 11 

5-amino-3-cvano-4-trif 1 uoromethvl thio-1- (2.6-dichlor obenzene- 
4-pentaf luorosulphanvDpvrazole 
Stage 1 

4-amino-3,5-dichlorophenylsulphurpentafluoride (l.OOg - Preparation 2) 
in acetic acid (2.5cm 3 ) was added at 25-30°C over 30 minutes to a 
previously prepared solution of sodium nitrite (0.265g) in concentrated 
sulphuric acid (1.4cm 3 ) and glacial acetic acid (1.25cm 3 ), held at 35-40°C 
and then cooled to ambient temperature. 

On complete addition the stirred mixture was heated to 55°C for 

30 minutes, cooled to ambient temperature, and added to a mixture of ethyl 

3 3 
1,2-dicyano propionate (0.64g), acetic acid (3cm ) and water (6.25cm ) at 

10-20°C. The reaction mixture was stirred at ambient temperature for 

20 minutes, poured into water (15cm 3 ) and extracted with dichloromethane 

(3 x 7cm). The combined extracts were washed with aqueous (0.88) ammonia 

(1.5cm ) and the organic phase treated with further ammonia solution (1 

cm ) and stirred for 18 hours at ambient temperature. The organic phase 

was separated, washed with water (twice), dried over anhydrous magnesium 

sulphate and evaporated under reduced pressure to give a brown gum. The 

gum was fractionated by eluting through a short column of silica gel with 

dichloromethane/hexane (3:1 by volume) to give the desired product as a 

pale yellow solid. 1 H NMR 5(CDC1 3 ) 7.93(s,2H), 6.05(s,lH), 

3.7-3.8(broad singlet ,NH 2 ) . Molecular ion 378. 

Stage 2 

The product of stage 1 (0.29g) in dry dichloromethane (8cm ) was 

stirred and cooled to -14°C. Trif luoromethylsul phenyl chloride was slowly 

bubbled into the solution and retained at reflux using a carbon 

dioxide/ acetone cold trap. The solution was allowed to reach ambient 

3 

temperature and was stirred for 1% hours, poured into water (50cm ) and 
treated with aqueous sodium hydrogen carbonate. The mixture was extracted 
with diethyl ether (three times) and the combined extracts washed with 
water, dried over anhydrous magnesium sulphate and evaporated under reduced 
pressure to give a pale yellow solid. The solid was fractionated by 
eluting through a short column of silica gel with dichloromethane/hexane 
(1:1 by volume) to give the desired product as a colourless solid. Melting 
point 184.9-186.8°: NMR CDCU 57.95(2H,s); 4.35-4.50(broad singlet, 2H). 



WO 94/21606 



PCT7GB94/00612 



- 25 - 

Molecular ion 478. 

PREPARATION 12 

Preparation of l-(2.6-dich1oro-4-pentaf luorosulphan vl phenyl amino) -2 . 3- 
-dicvano-prop-l-ene 

4-amino-3,5-dichlorophenylsulphurpentaf luoride (17. 3g) was melted and 
added to a stirred solution of para-toluenesul phonic acid monohydrate 
(13. 7g) and acetic anhydride (7.4g) in glacial acetic acid (10cm ) at 20°C, 
under a nitrogen atmosphere. A solution of crude l-(dimethylamino)- 
2,3-dicyanoprop-l-ene (13. 9g - prepared as described in EP 0460940) in 
glacial acetic acid (30cm ) was added dropwise at 25 to 27°C. The mixture 

was stirred at room temperature for 20 hours, then poured into stirred 

3 3 
water (200cm ) . The mixture was extracted with ether (4 x 200cm), the 

combined extracts washed with saturated brine (50cm ) f dried over magnesium 

sulphate, filtered and concentrated under reduced pressure to give a 

solution of the crude product in acetic acid. Crystals formed on standing 

3 

which were filtered off, washed with acetic acid (3 x 20cm ) , hexane (3 x 
3 

20cm ) and air-dried to give the desired product as a white solid (6.3g). 
Melting point 121 to 123°C. Molecular ion 377. 

EXAMPLE 1 

Stage 1: Preparation of 5-Amino-l-(2.6-dichlorobenzene-4-pentafluoro- 

sulphanyl)imidazole 

The material from Preparation 10 (5.5g) was dissolved in dry methanol 
3 

(350 cm ) under an atmosphere of nitrogen and treated over 0.5 hour with 

3 

sodium methoxide (1.08g) in methanol (50 cm) at 0°, stirred at 0° for 2 
hours and at ambient temperature for 1 hour. The solvent was evaporated 
under reduced pressure and the residue treated with water (100 cm^) and 
extracted with dichloromethane (2 x 300 cm ). The organic fractions were 
dried (magnesium sulphate) and evaporated under reduced pressure to yield 
the required product as an oil, which partially solidified on storing. 
X H NMR 5(CDC1 3 ) 3.0(2H,broad signal), 6.70(lH,s), 7.22(lH,s), 
7.92(2H,s). 

Stage 2: Preparation of 5-Amino-l(2 .6-dichlorobenzene-4- 

pentaf luorosulphanvl )-4-trif luoro-methvlsulphenvl imidazole (Compound No 6 

of Table I) 
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The material from Stage 1 (5.5g) was dissolved in dry 
l f 2-dichloroethane (350 cm 3 ) and treated at -20° with trif luoromethyl 
sulphenyl chloride (4.5g). The reaction was allowed to warm to ambient 
temperature and stored for 18 hours. The solvent was evaporated under 
reduced pressure and the residue partitioned between ethyl acetate and 
water. The organic fraction was dried (magnesium sulphate), evaporated 
under reduced pressure and fractionated using chromatography (silica gel; 
hexane/ethyl acetate; 9:1 and 4:1 by volume) to give the required product 
as a solid. 

melting point 175.8-177.2°. 

h NMR 8(CDC1 3 ) 3.7(2H, broad signal), 7.20(lH,s), 7.95(2H,s). 
Molecular ion 433. 

EXAMPLE 2 

Preparati on of 1(2. 6-Dichl orobenzene-4-pentaf 1 uorosul phanvl ) -4-trif 1 uoro- 
-methvlsul phenyl mi dazole (Compound No 7 of Table 1) 

The product from Example 1 (2.5g) in tetrahydrofuran (dry; 50 cm 3 ) 
containing tertiary butylnitrite (3.3cm ) was stirred under an atmosphere 
of nitrogen and heated to reflux for 2 hours. The reaction was cooled, 
evaporated under reduced pressure, and the residue dissolved in ethyl 
acetate and washed with water. The organic fraction was dried (magnesium 
sulphate) and re-evaporated to give a brown oil. A portion (1.5g) was 
fractionated using chromatography (silica gel hexane/ethyl acetate, 4:1 by 
volume) to give the required product as a pale yellow solid. 
Melting point 93.6-95.5°. 

! H NMR 8(CDC1 3 ) 7 .40(1H, broad singlet), 7.65(lH,broad singlet), 
7.93(2H,s). Molecular ion 438. 

The remaining material (1.5g) was used without further purification in 
Example 3. 

EXAMPLE 3 

Preparation of 1 (2. 6-Dichl orobenzene-4-pentaf 1 uorosul phanvl) -4-trif 1 uoro- 
methvlsulphinvl- imidazole (Compound No 8 of Table 1) 

The material from Example 2 (1.5g) was dissolved in dichloromethane 
(dry; 20 cm 3 ) and cooled to 0°. Meta chloroperbenzoic acid (1.05g; 80% 
strength) was added in portions to the above stirred solution, and held for 
an additional 1 hour at 0°. The reaction was allowed to warm to ambient 
temperature and was stirred for 60 hours. The mixture was diluted with 
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ethyl acetate (200 cm 3 ) , washed with aqueous sodium hydrogen carbonate, and 
water (twice) and dried (magnesium sulphate). The solvent was evaporated 
under reduced pressure and the residual gum fractionated using 
chromatography, (silica gel hexane/ethyl acetate 4:1 by volume), to give 
the required product; 
Melting point 127.1-128.5°. 

*H NMR S(CDC1 3 ) 7.72(lH,s), 7.75(lH,s), 7.95(2H,s). 
Molecular ion 454. 

Another fraction (0.28g) containing recovered starting material and 
1 (2 , 6-d i ch 1 orobenzene-4-pentaf 1 uorosul phany 1 ) -4-tri f 1 uoromethy- 
sulphonyl imidazole was treated as described in Example 25. 

EXAMPLE 4 

Preparati on of 1- (2 . 6- d i chl orobenzene-4-pentaf 1 uorosul phanvl ) -2-methv1-4- 
-trifluoromethvl imidazole (Compound No 3 of Table 1) 

To a stirred supension of sodium hydride (0.12g; 50% oil dispersion in 

3 

dry N-methyl pyrrol idin-2-one (10 cm ) at 0° under an atmosphere of nitrogen 
was added 2-methyl -4-tri fluoromethyl i imidazole (0.37g). 

The mixture was stirred at 20° for 0.17 hour and treated dropwise with 
3,4,5-trichlorobenzene-sulphurpentafluoride (0.85g; 90% pure - 
Preparation 3) in dry N-methylpyrrolidin-2-one (10 cm ). The reaction 
mixture was heated to 60° for 36 hours, cooled, diluted with water and 
extracted with diethyl ether (3 times). The combined diethylether 
fractions were washed with water (3 times) dried (anhydrous magnesium 
sulphate) and the solvent evaporated under reduced pressure. The residual 
brown oil was fractionated using chromatography (silica gel; 
hexane/ethyl acetate 7:3 by volume) to give the required product as a pale 
yellow solid. 

Melting point 126.2-127.2°. 

*H NMR 5(CDC1 3 ) Z.25(3H,s) # 7.20(lH,s), 7.93(2H,s). 

EXAMPLE 5 

Preparati on of 1(2. 6-Di chl orobenzene-4-pentaf 1 uorosul phanvl ) -2-methyl -4- 
-pentaf luoroethyl imidazole (Compound No 4 of Table 1) 

2-Methyl-4-pentaf luoroethyl imidazole was reacted with 3 f 5-dichloro-4- 
f luorobenzenesulphurpentafluoride (Preparation 4) using the general method 
of Example 4. The 2-Methyl-4-pentaf luoroethyl imidazole starting material 
was prepared by reaction of 2-methyl imidazole with pentaf luoroethyl iodide 
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using the method described in J. Ora.Chem. (1982)4Z 2867. 
Melting point 165.5-166.9° 

! H NMR S(CDC1 3 ) 2.25(3H,s), 7.20(1H, 7.93(2H,s). Molecular ion 470. 

EXAMPLE 6 

Preparation of 1 (2-Chloro-6-cvanobenzene-4-pentaf luorosu lphanvl )-4- 
-trifluoromethvl -imidazole (Compound No 5 of Table 1) 
l(H)-4-Trifluoromethyl imidazole was reacted with 

3- cyano-4,5-dichlorobenzenesulphurpentafluoride (Preparation 8) using the 
general method of Example 4. 

Melting point 154.1-155.4° 

X H NMR 8(CDC1 3 ) 7.50(lH,s), 7.75(lH,s), 8.15(lH,d), 8.25(lH,d). 

EXAMPLE 7 

Preparation of 3-Cvano-l (2. 6-dich1orobenzene-4- pentaf luorosulphanvl ) -5- 
-thi omethvl -4-tri f 1 uoromethvl sul phenyl ovrazol e (Compound No 14 of Table II) 

5-Amino-3-cyano-4-trifluoromethylthio-l-(2,6-dichlorobenzene-4- 
pentafluorosulphanyl)pyrazole (0.285g - Preparation 11) in dichloromethane 
(dry 5 cm 3 ) was treated with dimethyldisulphide (0.28g) and cooled to 0°. 
Tertiary butylnitrite (0.068g) in dichloromethane (1cm 3 ) was added dropwise 
to the stirred solution under an atmosphere of nitrogen. On complete 
addition the reaction was stored at 5° for 18 hours and the solvent was 
evaporated under reduced pressure. The residue was fractionated using 
chromatography (silica gel; hexane/ethyl acetate 9:1 by volume) to give the 
required product as a yellow solid. 
Melting point 108.6-109.8. 

*H NMR 8(CDC1 3 ) 2.43(3H,s), 7.95(2H,s). , Molecular ion 509. 

EXAMPLE 8 

Preparation of 1- (2. 6-dichloro b enzene-4-pentaf luorosulphanvl ) -3-cvano-4- 
-trifl uoromethvl sul phi nvl -5- r(4-hvdroxv-3-methoxvphenvl)-methvlidene- 
iminolpvrazole (Compound No 17 of Table II) 

5-Amino-3-cyano-4-trifluoromethylthio-l-((2,6-dichlorobenzene-4- 
pentafluorosulphanyl)pyrazole (0.20g) in toluene (50cm 3 ) containing 

4- hydroxy-3-methoxybenzaldehyde (0.083g) and para toluene sulphonic acid 
hydrate (O.Olg; catalyst) were stirred and heated to reflux for 36 hours. 
Water produced during the reacion was collected in a Dean and Stark trap. 
The solvent was evaporated under reduced pressure and the residue extracted 
into ethylacetate, washed with aqueous sodium carbonate, water and dried 
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(anhydrous magnesium sulphate). The required product was obtained as a 

pale yel low sol id. 

h NMR 5(CDC1 3 ): 3.90(3H,s), 6.15(lH,s), 6 .95-7 .05 ( 1H f dd) f 7.2[1H under 
CHCI3 signal], 7.30-7.35(lH,dd) , 7.90(2H f s) # 8.93(lH,s). 
Molecular ion 612. 

EXAMPLE 9 

Preparat i on of 2-Ami no-4-cvano- 1- (2 . 6-di chl orobenzene-4-pentaf 1 uoro- 
sulphanvDpvrrole (Compound No 18 of Table III) 

A solution of l-(2, 6-dichlorobenzene-4-pentaf luorosulphanylamino)- 

2,3-dicyanoprop-l-ene [5.66g - Preparation 12] and triethylamine [1.51g] in 

3 

toluene [60cm ] was stirred at 80°C for 6 hours under a nitrogen 
atmosphere. Toluene and triethylamine were evaporated under reduced 
pressure to leave a solid which was recrystal ised from ether/hexane 
solution to give the desired product as a buff solid. 
Melting point 150 to 151°C. *H NMR S(CDC1 3 ): 7.9(2H,s) # 6.8(lH,d) f 
5.9(lH,d), 3.1(2H,br.s). Molecular ion 377. 

EXAMPLE 10 

Preparation of 2-amino-4-cvano-l-(2.6-dichlorobenzene-4-pentafluoro- 
sulphanvl) pyrrole (compound No 19 of Table III) 

A sollution of dichlorof luoromethylsulphenylchloride [4.6g] in 
dichloromethane [20cm ] was added dropwise to a stirred solution of the 
product of Example 9 [10. Og] in dichloromethane [80cm 3 ] # at 15°C f under a 
nitrogen atmosphere. After 20 hours at 20°C the solution was washed with 
saturated aqueous sodium hydrogen carbonate [50cm ] , dried over magnesium 
sulphate, filtered and the solvent evaporated under reduced pressure to 
leave a solid which was recrystal 1 ised from dichloromethane/hexane to give 
the desired product as a light brown solid. Melting point 188 to 190°C. 
*H NMR 8(CDC1 3 ): 7.95(2H f s) l 6.85(lH,s), 4.0(2H,br.s) . Molecular ion 509. 

EXAMPLE U 

Preparation of 

2-amino-5-chloro-4-cvano-l-(2.6-dichlorobenzene-4-pentaf luorosulphanvl )- 
-3-dichl orof 1 uoromethvl thi opvrrol e (compound No 20 of Table II) 

A solution of sulphury! chloride [3.4g] in dichloromethane [20cm 3 ] was 
added dropwise to a stirred solution of the product of Example 10 [12. 9g] 
in dichloromethane [180cm 3 ], at 22°C under a nitrogen atmosphere. The 
mixture was allowed to stand for 20 hours. The solution was washed with 
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3 

saturated aqueous sodium hydrogen carbonate [50cm ] dried over magnesium 
sulphate, filtered and evaporated under reduced pressure to leave a solid 
which was recrystall ised from dichloromethane/hexane to give the desired 
product as a light brown solid. Melting point 203°C. 
! H NMR 8(CDC1 3 ): 8.0(2H,s), 4.0(2H f br.s) . Molelcular ion 543. 

EXAMPLE 12 

Preparation of 2-amino-5-chloro-4-cvano-l-(2 .6-dichlorobenzene- 

4-pentaf luorosulphanv1)-3-dichlorof luorosul phi nvl pyrrole (Compound No 21 of 

Table III) 

A solution of meta-chloroperoxybenzoic acid [3.3g] in dichloromethane 

[50cm ] was added dropwise to a stirred solution of the product of 

Example 11 [10. Og] in dichloromethane [200cm 3 ] , at 4°C. The mixture was 

allowed to stand at 5°C for 24 hours. The solution was stirred with 

3 

saturated aqueous sodium hydrogen carbonate [32cm ] and 1M sodium sulphite 

3 

[16cm ] whereupon an emulsion formed. Sufficient magnesium sulphate to 
absorb all the water was added, the mixture filtered, the residue washed 
with dichloromethane and the filtrate plus washings evaporated under 
reduced pressure to leave the crude product. The product was purified 
using column chromatography on silica gel, eluting with dichloromethane to 
give a light brown solid [2.0g]. 

Melting point 207°C (with decomposition). *H NMR 8(CDC1 3 ): 8.0(2H,s), 
4.95(2H f br.s) . Molecular ion 559. 

EXAMPLE 13 

Preparation of 5-chlor-4-cvano-l-(2 .6-dichlorobenzene- 

4-pentaf luorosulphanvl)-3-dichlorof luoromethvl sulphinvl-2-methvl thiopvrrole 
(Compound No 22 of Table III) 

To a stirred solution of the product of Example 12 [1.68g] and 
dimethyldisulphide [1.4g] in chloroform [50cm 3 ], at 5°C, was added 
dropwise, tert-butylnitrite [0.34g]. The mixture was allowed to stand at 
5°C for 20 hours. Volatile materials were evaporated under reduced 
pressure to leave the crude product. The product was purified using column 
chromatography on silica gel eluting with ether/hexane mixtures followed by 
recrystallisation from dichloromethane/hexane to give a yellow solid. 
Melting point 204°C. h NMR: 8(CDC1 3 ): 8.0(2H,d) r 2.25(3H f s). Molecular 
ion 590. 
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EXAMPLE 14 

Preparation of 2-amino-4-cvano-l-(2.6-dich1orobenzene-4-pentaf luoro- 
su 1 phanvl) -3, 5-bis(trif luoromethvlthio) pyrrol e (Compound No 23 of Table 
III) and 2-ami no-4-cvano-l - (2 , 6-di chl orobenzene-4-pentaf 1 uorosul phanvl ) - 
-3-trifluoromethvlthiopvrrole (Compound No 24 of Table III) 

Trifluoromethylsulphenyl chloride [about 8g] was bubbled into a 
stirred solution of 2-amino-4-cyano-l-(2,6-dichlorobenzene-4-pentaf luoro- 
sulphinyl)pyrrole [2.06g - Example 9] in dichloromethane [40cm 3 ] for 10 
minutes at 5°C. After stirring for another 45 minutes at 5°C, saturated 
aqueous sodium hydrogen carbonate [100cm ] was added and the mixture was 
thoroughly stirred. The layers were separated, the aqueous extracted with 
dichloromethane [3 x 80cm 3 ] , the combined dichloromethane solutions dried 
over magnesium sulphate, filtered and solvent evaporated under reduced 
pressure to leave a pale brown solid. The solid was subject to column 
chromatography on silica gel, eluting with dichloromethane/hexane mixtures 
to obtain the pure products as white solids. 
2-Ami no-4-cyano-l- (2 , 6-di chl orobenzene-4-pentafl uorosul phanyl ) - 
3,5-di (trif loromethylthio)pyrrole: Melting point 166°C; 
! H NMR S(CDC1 3 ): 8.0(s). Molecular ion 577. 

2-ami no-4-cyano- 1- (2 , 6-di chl oro-4-pentaf 1 uorosul phenyl phenyl ) -3- 

trifluoromethylthiopyrrole: Melting point 188-9°C; 

*H NMR 5(CDC1 3 ): 7.95(2H,s), 6.85(lH,s); Molecular ion 477. 

EXAMPLE 15 

Preparation of 4-cvano-l- (2. 6-di chlorobenzene-4-pentafl uorosul phanvl )- 

2- methvl thi o-3 . 5-bi s (tri f 1 uorometh vl ) pyrrol e (Compound No 28 of Table III) 

2-Ami no-4-cyano-l - (2 , 6-di chl orobenzene-4-pentaf 1 uorosul phanyl ) - 
3,5-bis(trifluoro-methylthio)pyrrole [l.Og, Example 14] was treated with 
dimethyldisulphide using the general method of Example 13 to give the 
desired product as a yellow solid. Melting point 130-1°C. 
X H NMR 8(CDC1 3 ): 7.95(2H,s), 2.3(3H,s). Molecular ion 608. 

EXAMPLE 16 

Preparation of 2-ami no-5-chloro-4-cvano-l- (2. 6-di chl orobenzene- 
4-pentaf 1 uorosul phanvl ) -3-trif 1 uorometh vl thi opvrrole (Compound No 27 of 
Table III) 

2-Ami no-4-cyano-l - (2 , 6-di chl orobenzene-4-pentaf 1 uorosul phanyl ) - 

3- trifluoromethylthiopyrrole [O.llg, Example 14] was treated with thionyl 
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chloride using the general method of Example 11 to give the desired product 
as a solid mixed with a small amount of the starting material. 
Melting point 183-6°C. 1 H NMR 8(CDC1 3 ), major component: 8.0(2H ( s) ( 
3.9(2H,br.s) . Molecular ion (major component) 511. 

EXAMPLE 17 

Preparation of 5-chloro-4-cvanol-( 2 .6-dichlorobenzene-4- pentaf luoro- 
sulphanvl )-3-dichlorofluoromethv1thiopvrrole (Compound No 26 of Table III) 

To a stirred solution of the product of Example 16 [2.03g] in 
tetrahydrofuran [35cm 3 ], under a nitrogen atmosphere, was added dropwise at 
5°C, a solution of tert-butylnitrite [0.42g] in tetrahydrofuran [5cm 3 ]. 
The mixture was allowed to warm to 20°C over 2k hours then refluxed for lk 
hours. The solvent was evaporated under reduced pressure to leave the 
crude desired product which was purified by column chromatography on silica 
gel, eluting with hexane 9:1 ether to give a white solid. 
Melting point 147-8°C. *H NMR 8(CDC1 3 ): 7.95(2H,s), 7.05(lH,s). 
Molecular ion 528. 

EXAMPLE 18 

Preoaation of 2-bromo-5-chlor o-4-cvano-l-f2 .6-dichlorobenzene- 

4-pentaf luorosulphanvl )-3-dich1orof luoromethvlthiopvrrole (Compound No 25 

of Table III) 

To a stirred solution of the product of Example 16 [l.Og] and copper 
(II) bromide [0.82g] in acetonitrile [20cm ] at 5°C, under a nitrogen 
atmosphere was added a solution of tert-butylnitrite [0.21g] in 
acetonitrile [3cm]. The mixture was allowed to warm to 20°C over 2 hours 
and continued to stir for 20 hours. The product was refluxed for 
5 minutes, and acetonitrile evaporated under reduced pressure to leave a 
solid residue which was subject to column chromatography on silica gel, 
eluting with hexane : dichloromethane 7:3 to give the desired product as a 
white solid. Melting point 180-1°C; *H NMR 8(CDC1 3 ) 8.0(s). 
Molecular ion 606. 

EXAMPLE 12 

Preparation of 1 (2. 6-Dichlorobenzene-4-pentaf luorosulphanvl )-4-trif luoro- 
-methvlpvrimidin-6-one (Compound No 29 of Table IV) 

Sodium hydride (0.077g; 50 % oil dispersion; washed with hexane) was 
stirred under an atmosphere of nitrogen in dry N,N-dimethylformamide 
(5 cm 3 ) and treated with 1 (H)-4-trif luoromethylpyrimidin-6-one at ambient 



WO 94/21606 



PCT/GB94/00612 



- 33 - 

temperature. The mixture was stirred for 0.5 hour to give a pale yellow 
solution. 3,5-Dichloro-4-f luorobenzenesulphurpentaf luoride (Preparation 4; 
0.70g) in dry N,N-dimethylformamide (0.5 cm ) was added and the reaction 
heated to 90° for 5 hours, cooled and stored for 18 hours. The reaction 
was diluted with water, acidified with dilute hydrochloric acid and 
extracted with ethyl acetate. The organic fractions were combined, washed 
with water, brine, dried (magnesium sulphate) and evaporated under reduced 
pressure to give a brown solid. The solid was fractionated using 
chromatography [silica gel; hexane/ethyl acetate 4:1 by volume] to give a 
yellow solid which was washed with hexane to give the required product as a 
colourless solid. 
Melting point 156.3-157.3. 

2 H NMR 5(CDC1 3 ): 7.00( 1 H f s), 7.96(2H,s) # 8.00(lH,s) 

EXAMP LE 20 

Preparat i on of 1(2. 6-Di chl orobenzene-4-pentaf 1 uorosul phanvl ) -4-pentaf 1 uoro- 
ethvlpvrimidin-6-one (Compound No 30 of Table IV). 

The title compound was prepared using the general method of Example 19 
by reaction of 1 (H) -4-pentaf luoroethylpyrimidin-6-one (0.343g). 
Melting point 202-203°. h NMR 8(CDC1 3 ): 7.07(lH,s), 7.98(2H,s), 
8.00(lH,s). 

19 F NMR 62 ppm d (4F) , 79 ppm multiplet (IF), -83 ppm s (2F) , -120 ppm s 
(3F). 

EXAMPLE 21 

Preparation of 1- ( 2. 6-dichlorobenzene-4-pentaf 1 uorosul phanvl )-3-chloro-5- 

-tri f 1 uoromethvl pvri d-2-one (Compound No 31 of Table V). 

3-Chloro-5-trif luoromethylpyrid-2-one (0.30g) and the product of 

2 

Preparation 4 in dry N,N-dimethylformamide (2.5 cm ) containing anhydrous 
potassium carbonate (0.65g) was stirred and heated in a Wheaton vial to 

110° for % hours. The reaction mixture was cooled, poured into water (100 

3 3 
cm ) , extracted with diethyl ether (2X 100 cm ) and the combined ether 

3 

fractions were washed with water (2 x 75 cm ) and dried (anhydrous 
magnesium sulphate). The solvent was evaporated under reduced pressure and 
the residue fractionated using chromatography (silica gel; 
hexane/ethyl acetate 9:1 by volume) to give the required product as a 
colourless solid. The product contained a minor proportion of 
1- (2-chl orobenzene-6-f 1 uoro-4-pentaf 1 uorosul phanyl ) -3-chl oro-5- 
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-trifluoromethylpyrid-2-one derived from the minor product of 

Preparation 4. 

Melting point 158.5-159.7°. h NMR S(CDC1 3 ): 7.40(lH,d), 7.80(lH,d), 
7.93(2H,s). Molecular ion 467. 

EXAMPLE 22 

Preparation of 1 (2 ,6-Dichlorohen7ene-4-pentaf luor osulphanvl 1 -imidazole 
(Compound No 1 of Table I) 

Imidazole (0.55g) was added at ambient temperature to a stirred 
suspension of sodium hydride (0.39g; 50% oil dispersion) in N-methyl- 
pyrrolidin-2-one (dry,; 20cm) under an atmosphere of nitrogen. The 
mixture was stirred for 10 minutes and a solution of 
3,4,5-trichlorobenzenesulphurpentafluoride (2.50g) in 
N-methy 1 pyrrol id-2-one (10cm 3 ) was added slowly dropwise. On complete 
addition the reaction was heated to 60-5°C for 2.75 hours, cooled, diluted 
with water and extracted with ethyl acetate. The organic factions were 
combined, washed with water, dried and evaporated under reduced pressure. 
The residual liquid was re-dissolved in diethyl ether (300cm 3 ) , washed with 
water, dried and evaporated under reduced pressure to give a brown solid 
which was fractioned using chromatography (silica gel hexane/ethyl acetate 
7:3 by volume) to give the required product. 
Melting point 137. 8-139. 5°C. Molecular ion 338. 
h NMR 5(CDC1 3 ) 7.05(lH,s); 7.30(lH,s); 7.75(lH,s); 7.90(2H,s). 

EXAMPLE 23 

Preparation of 1 (2,fi-Dichlorobenzene-4-pentaf luorosulphanvl ) - 

-4-trif luoromethvl imidazole (Compound No 2 of Table 1) 

The title compound was prepared using the general method of Example 4. 

Melting Point 165-166°C. Molecular ion 406. 1H NMR (CDC1 3 ): 7.38 (lH,s); 

7.60(lH,s); 7.93(2H,s). 

EXAMPLE 24 

Preparation of l(2,6-Dichlorobenzene-4-pentaflu orosulphanv1)- 
2-dichlorof luoromethvl sul phenyl imidazole . 

The material from Example 22 (1.26g) in dichloromethane (10cm 3 , dry) 
was treated dropwise at ambient temperature with 

dichlorofluoromethylsulphenyl chloride (0.67g) in dichloromethane (dry; 
4cm 3 ) with stirring. The mixture was stirred for 60 hours, and further 
dichlorofluoromethylsulphenyl chloride (0.224g) in dichloromethane (1cm 3 ) 
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added at 24 hour and 48 hour intervals. The mixture was diluted with 
dichloromethane, washed with diluted hydrochloric acid, water and dried 
(magnesium sulphate). The solvent was removed under reduced pressure, the 
residual solid dissolved in diethyl ether, washed with water, dried, 
evaporated and the residual solid fractionated using chromatography (silica 
gel hexane/ethyl acetate 4:1 by volume) to give the required product, 
0.295g. Molecular ion 470. 1 H NMR 8(CDC1 3 ) 7.25 (lH,s); 7.55(lH,s); 
7.90(2H,s). 

EXAMPLE 25 

Preparation of 1 (2.6-Dich1orobenzene-4-pentaf luorosulphanvl )-4- 
-trif luoromethvl sulphonyl imidazole. (Compound No 9 of Table 1) 

The fraction containing recovered starting material and 
1 (2 , 6-di chl orobenzene-4-pent af 1 uorosul phany 1 ) -4-tri f 1 uoromethy- 
sulphonylimidazole (0.28g) obtained as described in Example 3 was dissolved 
in trifluoroacetic acid (7cm ) and was treated at 0°C with hydrogen 
peroxide (30% w/v; 0.12cm ) with stirring. On addition the mixture was 
stirred for 1 hour, stored for 18 hours and further hydrogen peroxide 
(0.05cm 3 ) added at ambient temperature. The reaction was stirred for 
6 hours, stored for 18 hours and concentrated under reduced pressure. The 
residual liquid was taken into dichloromethane (300cm ), washed with 
aqueous sodium metabisulphite, aqueous sodium hydrogen carbonate, water, 
and dried (magnesium sulphate). The solvent was evaporated under reduced 
pressure and the solid obtained fractionated using chromatography (silica 
gel; hexane/ethyl acetate; 4:1 by volume) to give the required product. 
Melting Point 212.4-213. 4°C. Molecular ion 470. 
! H NMR 5(CDC1 3 ) 7.78(lH,s); 7.97(lH,s); 7.99(2H,s). 

EXAMPLE 26 

Preparation of 1 (2. 6-Di chl orobenzene-4-pentaf luorosulphanvl )-4-penta- 
fluoroethvl imidazole (Compound No 11 of Table I) 

The title compound was prepared using the general method of Example 5. 
Melting point 137-138°C. Molecular ion 456. 
*H NMR 8(CDC1 3 ) 7.50 (lH,s); 7.65(lH,s); 7.95(2H,s). 

EXAMPLE 27 

Preparati on of 1 (2-Chl oro-6-cvanobenzene-4-pentaf 1 uorosul phanvl ) -4- 
-pentafluoroethvl imidazole (Compound No 32 of Table I) 
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The title compound was prepared using the general method of Example 6. 
Melting point 155. 0-156. 6°C. Molecular ion 447. 
h NMR S(CDC1 3 ) 7.55(lH,s); 7.85(lH r s); 8.15(lH,d); 8.25(lH,d). 

Example ?g 

Preparation of 1 f 2-Chloro-6-cvanobenzene-4-pent af luorosulphanvl)- 
2-methvl-4-Dentaf1uoroethv1 imidazole (C ompound No 33 of Table I) 

The title compound was prepared using the general method of Example 6. 
Melting point 168. 4-169. 0°C. Molecular ion 461. 
! H NMR 5(CDC1 3 ) 8.25(lH f d); 8.15 (lH,d); 2.325 (3H,s) 

EXAMPLE 29 

The activity of the compounds of the invention was determined using a 
variety of pests. The pests were treated with a liquid composition 
containing 500 parts per million (ppm) by weight of the compound. The 
compositions were made by dissolving the compound in acetone and ethanol 
(50:50) mixture and diluting the solutions with water containing 0.1% by 
weight of a wetting agent sold under the trade name "SYNPERONIC" NP8 until 
the liquid composition contained the required concentration of the 
compound. "SYNPERONIC" is a Registered Trade Mark. 

The test procedure adopted with regard to each pest was basically the 
same and comprised supporting a number of the pests on a medium which was 
usually a substrate, a host plant or a foodstuff on which the pests feed, 
and treating either or both the medium and the pests with the compositions. 
The mortality of the pests was then assessed at periods usually varying 
from two to five days after the treatment. 

The results of the tests are presented in Table VI for each of the 
compounds. The results indicate a grading of mortality, designated as A, B 
or C wherein A indicates 80-100% mortality, B indicates 40-79% mortality 
and C indicates 0-39% mortality. A dash (-) indicates that no data is 
available. The pest species is designated by a letter code. 

Information regarding the pest species, the support medium or food, 
and the type and duration of the test is given in Table VII. 



WO 94/21606 



PCT/GB94/00612 



- 37 - 
TABLE VI 



Compound No 


Tu 


Mp 


Md 


Hv 


La 


Db 


1 


C 


B 


B 


C 


C 


C 


2 


C 


A 


- 


C 


A 


C 


3 


C 


A 


- 


A 


A 


B 


4 


B 


A 


- 


A 


A 


A 


9 


A 


A 


- 


C 


C 


B 


14 


A 


A 


A 


A 


A 


A 


17 


A 


A 


- 


A 


A 


A 


18 


- 


C 


B 


C 


C 


- 


19 


C 


A 


A 


C 


C 


A 


20 


B 


A 


A 


A 


A 


A 


21 


A 


C 


A 


A 


B 




22 


A 


B 


A 


A 


A 




23 


C 


C 




C 


A 


C 


24 


C 


A 




A 


A 


A 


25 


B 


A 


A 


A 


A 


A 


26 


A 


A 


A 


A 


A 


A 



TABLE VII 



CODE LETTERS 



TEST SPECIES 



SUPPORT 
MEDIUM/ FOOD 



TYPE OF 
TEST 



DURATION 
(DAYS) 



Tu Tetranvchus urticae 

(spider mite) 

Mp Myzus persicae 

(aphid) 

i 

Md Musca domestica 

(housefly - adult) 



French bean Contact 3 
leaf 

Chinese Contact 3 

Cabbage leaf 

Cotton wool/ Contact 2 
sugar 
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TABLE VII (continued) 



CODE LETTERS 



TEST SPECIES 



SUPPORT 
MEDIUM/FOOD 



TYPE OF DURATION 
TEST (DAYS) 



Hv Hel iothis virescens 

(tobacco budworm) 



Soya leaf 



Residual 



La Spodoptera exiaua 
(lesser Army worm) 



Cotton leaf 



Residual 



Db Diabrotica balteata Filter paper/ Residual 2 

(cucumber beetle - larva) maize seed 



"Contact" test indicates that both pests and medium were treated, 
"Residual" indicates that the medium was treated before infestation with 
the pests and "in vitro" indicates that the pest was suspended in an 
aqueous medium containing the treatment. 
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CHEMICAL FORMULAE 
(IN DESCRIPTION) 




(IA) 



(IB) 



(IC) 



(II) 
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CHEMICAL FORMULAE 
(IN DESCRIPTION) 




(VI) 



?F 5 





28 I 27 



29* 



31 



(VII) 



I 30 



OCH 3 




(VIII) 
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CHEMICAL FORMULAE 
(IN DESCRIPTION) 




(XIV) (XV) 
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CHEMICAL FORMULAE 
(IN DESCRIPTION) 



Scheme 4 
5F 5 




+ CN CH 2 




-CH 

\ 

COOC 2 H 5 




CN ^N 
\ / .COOC 2 H 5 



NH 7 



(XII) 



(XVI) 



CH— C 



\ 



CN 



(XVII) 



NH: 



(XVII) 



Scheme 5 



r 



(XII) + (CH 3 ) 2 N-CH=C-CH 2 -CN ► 

?F 5 





(XIX) 
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CHEMICAL FORMULAE 
(IN DESCRIPTION) 

SF 5 




Chlorinating 
» 

agent 



CI 




Scheme 7 



CuCl 2 

(XXII) ► 

CH 3 CN 




KF 




Scheme 8 



r« 0 

| N— Br 



(XXI)- 




NH 



2 (XXV) 



CuCN 




(XXVI) 



CI. 



( XXVI ) • 



?F 5 



Yy" 



NH 2 
(XXVII) 



CuCl- 



CH 3 CN 
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CLAIMS 

1. A compound of formula (IA) or (IB) 




(IB) 



wherein R fl represents hydrogen or from 1 to 4 optional substituents 
and R fa represents from 1 to 3 optional substituents and wherein A 
represents an optionally substituted N-l inked nitrogen-containing five 
or six membered aromatic heterocyclic ring, provided that when the 
compound is of formula (IA) 




(IC) 



1 I 

and A represents a group of formula (IC) wherein R is hydrogen, 

halogen, or a group NR R wherein R and R are independently 

selected from hydrogen or alkyl; R is a group -S(0) n R wherein n 

is 0, 1 or 2 and R is a haloalkyl group; and R is -CN or is a 

group Cx'-NY^Y 2 ' wherein x' is 0 or S or SO; and Y 1 ' and Y 2 ' are 

independently selected from hydrogen, nitro, amino or alkyl optionally 

substituted by halogen, by cycloalkyl, by formyl, by C 2 _y alkanoyl, by 

cycloalkylcarbonyl , by C 2 _ 7 alkoxycarbonyl , by 

haloalkoxycarbonyl , by an aryl group or by an aromatic heterocyclic 

group or 
11 2 1 

Y and Y together with the nitrogen to which they are attached form 
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an aliphatic heterocyclic group containing from 4 to 8 atoms in the 
ring and optionally substituted by halogen or alkyl or 
Y 1 ' and Y 2 ' together form the group =CHY 3 wherein Y 3 is alkyl, G 2 _ 6 
alkenyl, aryl, an aromatic heterocycle, or amino optionally 
substituted by alkyl or 

Y is hydrogen and Y is alkoxycarbonyl , al kylcarbonyl , optionally 

1 fi 1 6' 1 

substituted aralkyl or a group -S(0) n R where R and n are as 

hereinbefore defined, then R does not represent 2,6-dihalo 




(II) 



A 



wherein X is -CR = or -N=, R and R are independently selected from 
hydrogen, halogen, cyano, nitro, optionally substituted alkyl, 
optionally substituted cycloalkyl, optionally substituted alkoxy, 
optionally substituted alkenyl or optionally substituted alkynyl or 
from a group -S(0) m R 5 wherein m is 0, 1 or 2 and R 5 is optionally 
substituted alkyl or from a group C(Y)-NR 6 R 7 where Y is =0 or =S and 
R^ and R 7 are independently selected from hydrogen, optionally 
substituted alkyl, optionally substituted alkenyl, optionally 
substituted alkynyl, or amino or R 6 and R 7 together with the nitrogen 
to which they are attached form an optionally substituted aliphatic 
heterocyclic ring containing from 4 to 8 atoms in the ring, or R and 

7 18 lfi 

R together form the group =CHR wherein R is optionally 
substituted alkyl, optionally substituted alkenyl, optionally 
substituted aryl, optionally substituted heterocyclyl or optionally 
substituted amino, or R^ is hydrogen and R 7 is selected from 
alkoxycarbonyl, alkylcarbonyl , optionally substituted aralkyl, or a 
group -S(0) m R 5 as hereinbefore defined; and wherein R 3 and R 4 are 
independently selected from hydrogen, halogen, optionally substituted 
alkyl and optionally substituted cycloalkyl; and wherein A is an 
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optionally substituted N-l inked nitrogen-containing five or six 
membered aromatic heterocyclic ring, provided that when X is -CR* and 
A represents a group of formula (IC) 




(IC) 



R R 



11 41 51 41 

wherein R is hydrogen, halogen, or a group NR R wherein R and 

R are independently selected from hydrogen or alkyl; R is a group 

-S(0) n R wherein n is 0, 1 or 2 and R is a haloalkyl group; and 

o 1 n 1 1 1 2 1 1 

R is -CN or is a group CX -NY Y wherein X is 0 or S or S=0; and 

11 pi 

Y and Y are independently selected from hydrogen, nitro, amino or 
alkyl optionally substituted by halogen, by cycloalkyl, by f ormyl , by 
C 2 _ 7 alkanoyl, by C^_ 7 cycloalkylcarbonyl , by C 2 _ 7 alkoxycarbonyl , by 
^2-7 ^aloalkoxycarbonyl , by an aryl group or by an aromatic 
heterocyclic group or 

Y and Y together with the nitrogen to which they are attached form 
an aliphatic heterocyclic group containing from 4 to 8 atoms in the 
ring and optionally substituted by halogen or alkyl or 

Y 1 ' and Y 2 ' together form the group =CHY 3 wherein Y 3 is alkyl, 
alkenyl, aryl, an aromatic heterocycle, or amino optionally 
substituted by alkyl or 

Y is hydrogen and Y is alkoxycarbonyl, alkylcarbonyl f optionally 
substituted aralkyl or a group -S(0) n R where R and n are as 
hereinbefore defined, then R and R do not both represent halo. 

3 A compound according to claim 2 wherein A is optionally substituted 
N-l inked imidazole, optionally substituted N-l inked pyrrole, 
optionally substitued N-l inked pyrimidinone or optionally substituted 
N-l inked pyridone. 



4. A compound of formula (III) 
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(III) 



2 

wherein X is a group -C(R 1 )= wherein R 1 is halogen, R is halogen, 

n 7 fi 7 

cyano or the group -C(Y)-NR R wherein Y is =0 or =S and R and R are 

independently selected from hydrogen or C« A alkyl; 
3 4 

R and R are hydrogen; 
8 

R is hydrogen, 4 alkyl optionally substitued by halogen, halogen, 
or a group -S(0) m R^ wherein m is 0, 1, or 2 and R 5 is Cj_ 4 alkyl 
optionally substituted by halogen; 

R is hydrogen or Cj_ 4 alkyl optionally substituted by halogen, or a 
group -S(0) m R 5 as herein defined; and 



,10 



1 12 • i 

R iU represents hydrogen or -NR jR wherein R A1 and R i£m are are 

independently selected from hydrogen and Cj_ 4 alkyl. 



,11 



,12 



5. 



q 0 in 

A compound according to claim 4 wherein at least one of R , R and R 
is other than hydrogen. 



6. A compound of formula (IV) 




(IV) 



WO 94/21606 



PCT/GB94/00612 



- 49 - 

wherein X is a group -C(R,)- wherein R« is halogen, and R 2 is halogen, 

n 7 fi 7 

cyano or the group -C(Y)-NR R wherein Y is =0 or =S and R and R are 

independently selected from hydrogen or C« « alkyl; 

3 4 " 

R and R are hydrogen; 

R 13 is cyano or a group -C(Y)-NR 6 R 7 as herein defined; 

R 14 is a group -S(0) m R 5 wherein m is 0, 1, or 2 and R 5 is C J-4 alkyl 

optionally substituted by halogen; and 

R 15 is Cj_ 4 alkoxy, or a group -S(0) m R 5 as herein defined. 
A compound of formula (V) 




(V) 



wherein X is a 
cyano or the group -C(Y) 



R is halogen, 
S and R 6 and R 7 are 



group -C(R,)= wherein R, is halogen, 

6 7 

oup -C(Y)-NR R wherein Y is -0 or = 

independently selected from hydrogen or C, - alkyl; 
3 4 

R and R are hydrogen; 

iq ii I? 

and wherein R represents hydrogen, halogen, a group -NR R wherein 
1112 

R and R independently represent hydrogen of C 1-4 alkyl or a group 
-S(0) m R 5 wherein m is 0, 1, or 2 and R 5 is C 1-4 alkyl optionally 
substituted by halogen; 

R 20 is hydrogen or a group -S(0) m R 5 as herein defined, 



R 21 represents cyano or a group -C(Y)-NR U R 7 wherein Y is =0 or =S and 
R 6 and R 7 are independently selected from hydrogen or Cj_ 4 alkyl;. and 
R 22 represents hydrogen, halogen, a group -S(0) m R 5 as herein defined. 



6 n 7 



8. A compound of formula (VI) 
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(VI) 



wherein X is a group -0(1*,)= wherein R, is halogen, R is halogen, 

6 7 6 7 

cyano or the group -C(Y)-NR R wherein Y is =0 or =S and R and R are 

independently selected from hydrogen or C, A alkyl; 
3 4 

R and R are hydrogen; 
23 

R is oxygen or sulphur; 
24 

R is hydrogen, 

R 25 is C, - haloalkyl; and 

R is hydrogen or C, A alkyl. 




(VII) 



wherein X is a group -C(R 1 )= wherein R, is halogen, R is halogen, 

6 7 6 7 

cyano or the group -C(Y)-NR R wherein Y is =0 or =S and R and R are 

independently selected from hydrogen or A alkyl; 

3 4 
R and R are hydrogen; 
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28 

R is hydrogen; 
29 

R js hydrogen, halogen or C J-4 haloalkyl; R30 is hydrogen, or Cj -4 
haloalkyl; and R 31 is hydrogen, halogen, nitro or cyano. 

10. A method of preparing a compound of formula (II) as defined in claim 2 
which comprises reacting a compound of formula (IX) 

? F 5 



U 3 




(IX) 



wherein R , R J and R are as defined in claim 2 and Z is halogen with 
a compound AH wherein A is as defined in claim 2 in the presence of a 
base and in a solvent. 

11. A compound of formula (XIII) 




I 

OC 2 H 5 



wherein R , R , R and X are as defined in claim 2; 
a compound of formula (XVII) 



'i 
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CN ^N 
\ / .COOC2H5 



CHj-C 



\ 



CN 
(XVII) 

7 3 4 

wherein R , R , R and X are as defined in claim 2; 



a compound of formula (XIX) 




2 3 4 

wherein R , R , R and X are as defined in claim 2; 



a compound of formula (XXIII) ?F 5 

R 



CI 



(XXIII) 



wherein R 3 and R 4 are as defined in claim 2; 
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a compound of formula (XXIV) 




(XXIV) 



3 4 

wherein R and R are as defined in claim 2; 



a compound of formula (XXV) 

?F 5 




(XXV) 



3 4 

wherein R and R are as defined in claim 2; 



a compound of formula (XXVI) 




CN (XXVI) 
3 4 

wherein R and R are as defined in claim 2; 
a compound of formula (XXVII) 
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NH 2 
(XXVII) 



wherein R and R are as defined in claim 2; 
a compound of formula (XXVIII) 




CI 
(XXVIII) 



wherein R and R are as defined in claim 2; 

3 , 4 f 5-trichl orobenzenesulphurpentaf 1 uoride; 

3 , 5-di ch 1 orobenzenesu 1 phurpentaf 1 uori de; 

3 , 5-dichloro-4-f luorobenzenesul phurpentafl uoride; 

3- chl oro-4 , 5-di f 1 uorobenzenesul phurpentaf 1 uori de; 

4- ami no-3-bromobenzenesu 1 phurpentaf 1 uoride ; 
4-ami no-3-cyanobenzenesul phurpentaf 1 uoride; 

4-ami no-3-chloro-5-cyanobenzenesul phurpentaf 1 uoride and 
3-cyano-4, 5-di chl orobenzenesulphurpentaf! uoride. 



WO 94/21606 



PCT/GB94/00612 



- 55 - 

12. An insecticidal or acaricidal composition comprising an insecticidal ly 
or acaricidally effective amount of a compound according to any of 
claims 1 to 9 in association with an insecticidally or acaricidal ly 
inert dilutent or carrier. 

13. A method of combating insect and acarine pests at a locus which 
comprises treating the locus with an insecticidally or acaricidal ly 
effective amount of a composition according to claim 12. 
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